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1 Background

The Snohomisfounty Surface Water Management (SWd)iLJF NIi 2F {y2K2YAaK / 2d:

Works Department. Our mission is to work in partnership with the community to protect and
enhance water gality and aquatic habitat, to minimize damage from flooding and erosion, and
to preserve water resources for future generationsy S 2 F {2 aQ&a LINRPINI Ya
management program which works to protect and improve the health of Snohomish County
Lakes.

The purpose of this document is to present the Quality Assurance Monitoring Plan (QAMP) for
collecting water quality and other data to assess the chemical, physical, and biological
characteristics of select lakes in Snohomish County, Washingtcomprehasive and well
documented QA program plan is required to obtain data that are scientifically defensible and
that attain the requisite levels of precision and accuracy with the minimum expenditure of
resources. By collecting data within a defined QA prograanagement decisions can be made
that are based on sound information and have an enhanced probability of successful
implementation.

The Snohomish County Quality Assurance Monitoring Plan (QAMP) addresses the major quality

assurance/quality control (QAAQ considerations and QA/QC guidelines for lake investigations

to support the Snohomish County Lake Management Program. This QAMP follows Washington
State Department of Ecology (WSDOE) guidelines and specifications found in the Guidelines for

Preparing Qality Assurance Project Plans fawiEonmental Studies (WSDOE 2D1&his QAMP
updates and supersedes previous Quality Assurance Plans for the Snohomish County Lake
Management Program.

1.1 Study area and surroundings

The study area consists of the lakes l@ated in unincorporated Snohomish Countyhave
property that is owned and operated by Snohomish CouNty lakes shall be included that are

located completely inside city boundaries or within forest service land unless an agreement is in

place for Snbomish County to provide lake monitoring servicessnohomish County owns and
operates. Of those lakes, the focus is on the 29 public lakes that have either established boat
launches or are accessible via a public park or similar facility. Privaterdkisthe study area
may also be included depending on the budget availability, presence of a lake volunteer, or
another need to understand water quality conditions to make lake management decisions.
While there are a few lakes with low or no developmentthe lakeshoreline or watershed,

most lakes are characterized by having higher density development around the lake shoreline
with partially developed watershedé. complete list of monitored lakes, lake maps, and
monitoring locations is included #ppendix B, Lake Maps and Monitoring Locations

1.2 History of study area

There are approximately 460 lakes in Snohomish County, most of which are very small or
located inthe Cascade Mountains and foothills. Approximately 60 lakes are located in the
populated lowland portions of the Countiduman activities have occurred around many of the
f11Sa adGdFrNIAYy3I Ay (GKS wmdnn Qaadimmms Bk ecdsydeds/ (i =
This program was started to gain a better understanding of current lakiéhhaswell as

Aa G
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changes over time. While fewer logging and agriculture activities occur in lake watersheds,
developmentand populationcontinues to grow.

1.3 Parameters or contaminants of concer& related criteria

The Snohomish County Lake Monitoring program longterm ambient water quality program.
Therefore, the parameters to be measured and parameters to analyze will be those that can
most effectively characterize the overall state and health of the falah as thenixing
regime/duration of stratificaion and thelake trophic state.

Water quality standard$or the State of Washingtooan be found in WAC 17201A101(2)with

FRRAGAZ2Y I Of I NA FA QuaterQaajity AsBeRs@entPSliBl1(Eeology O2f 2 38 QA&
2018). The criterion for total phosprus identified araction valueof 20ug/L for this ecoregion

(unless there is a lakgpecific study)Exceeding the action value for a single season or critical

LISNA2R OFy €SIFR G2 F /FTGiS32NE p fA&A0GAThE dzy RSNJ (¢
criteria indicate that the concentration is calculated as the arithmetic mean of four or more daily

total phosphorus samples collected from the epilimnion during the critical period or season. The

period for assessing total phosphorus in lakes is Jueough September 30 unless a lake

specific study shows a different critical period.

In the majority of these lake watersheds, phosphorus is coming from household sources
including értilizers, pet and animal waste, septic systems, sediment whichare carried

directly into the lake or to adjacent ditches and streams. A few watersheds also have some
active agriculture and logging that can contribute to phosphorus pollution. With the exception
of sedimentbound phosphorus, most phosphorus pollutiorlwe in the soluble form which is
more readily bioavailable. Once phosphorus enters a lake system, the more soluble forms are
typically used by the biota. Eventually the organic phosphorus as well as the majority of
sedimentbound phosphorus is deposited the lake sediments.

This study will not focus on contaminarstgch asacteria, heavy metals, or chemical pollutants
such asydrocarbons A lakespecific study that focuses on these additional parameters may be
one outcome should a problem be detectédough this monitoring program.

1.4 Results and Conclusions of Previous Studies

The Snohomish County Lake monitoring program originally began in 1992 and was funded
through a Department of Ecolo@inceClean Water Fund Centennial graithe original grant
provided for a countywide assessment of the health of public lakes as well as the establishment
a volunteer lakemonitoring programThe assessment included water quality monitoring,
observations of aquatic plant communities, and an assessment of lalktopevent. The

volunteer program begn in 1992and initially was focused on water claritgchother

observational informationAs the program has evolved an additional funds have become
available, parameters have increased to include the following:

1 1996¢ epilimnetic and hypolimnetic total phosphorus samples

1 1998¢ dissolved oxygen and temperature profiles (initially using thermometers in
water samplers and LaMotte dissolved oxygen test kits and later through the use of
electronic sensors)

2002¢ epilimnetc chlorophylla

2007¢ observations of potentially toxic algae blooms (blooms are sampled through
a separate program)

= =
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1 2014¢ Observations on lake usage, recreational suitability of lakes, and more
detailed toxic algae bloom data
1 2014¢ Epilimnetic totahitrogen

A 2 4 A X A

lff 2F GKS RFEGE O2ffSO0SR (KNRdJAK (KS &SI NaB |

and available onlineThe data have been reported in the following reports:

1 2003 State of the Lakes report,
1 Annual reports on lake health (20@Besen)
9 Lake report cards that are easily readable by the public (2pi€sen)

Prior to the start of the Snohomish County lake monitoring program, there was very data
characterizing lake health beyond statewide lake surveys conducted by the Department of

Ecdogy (Bortleson, et. al1,976 Sumioka and Dion, 1985) as well as limited information from

902f 238 Qa @2f dzy i SSNI Y 2y A9092LANdwyakes indNRirg BlackmadsK A O K
Lake, Lake Stevens, Lake Martha, and Lake Roesiger had more detai$sthasds completed.

Data from these reports were used in reports to characterize past water quality. However, these
data are not included in trends assessments with the exception of the Lake Stevens water

guality data.

2 Project Description

2.1 Project Goals

The goal of the Snohomish County lake monitoring programhave a sufficient understanding
2T GKS KSI f (K a8 hovkhéy are 2hdngifigds@iort flectivé ke
management decision& secondary goal of the lake management prograta engage
Snohomish County residents in the management and protection of lakes.

2.2 Project Objectives

TheSnohomish County Lake Managemaminitoring prograris a longterm ambient water
guality bke monitoring program that has the following objectives:

Assess the auent status of water quality in lakes

Definelongterm trends in lake water quality

Identify specific water quality problems or limitations to beiudl uses

Engage Snohomish County residents, where possible, in the collection of data as
volunteer citizen scientists.

egeege

2.3 Information & Data Requirements

CKS {y2K2YAAaK /2dzyde& [F1S a2y Ad2NAYy3 LINBIANIY
StatewideLakemonitoring program which used water clarity and other lake observations to
characterize la health. As possible, additional parameters were added to help characterize

lake stratification (D/temp) and trophic status (phosphorus, nitrogen, chlorophyHlgae

bloom observations) asedcribed inFigure4-1, is also needed to bettecharacterizdake use,

lake usability, and factors that may affect water quality (e.g. land disturbance, pollution sources,
etc.).

NI
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2.4 Target Population & Study Boundaries

The targt population are lakes located in unincorporated Snohomish County that are not

located in United State Forest Service lands. Lakes in other jurisdictions may also be included if
Snohomish County enters into an agreement to provide lake monitoring serficesemphasis

is on lowland public access lakes, though the monitoring program may include private lakes if
funding and volunteers are available in a given yBaure2-1 and Figure2-2 provide the basic
information and location for all of the lakes that have been monitgthrough this Lake
Management Program in the past. Lakes may be added or removed as volunteer availability and
funding changes. Bathymetric maps that identify sampling locations and public access sites for
eachlake can be found iAppendix B Lake Mas and Monitoring Locations.

Figure2-1: Lakes Included in Snohomish County Lake Monitoring Program with Lake Depths

Lake Name Maximum Hypolimnion Lake Name Maximum Hypolimnion
Depth  Sampé Depth Depth Sample
(meters) (meters) (meters) Depth

ARMSTRONG 8.7 7.0 LITTLE MARTH, 6.1 5.0
BEECHER 3.0 2.0 LOMA 8.5 7.0
BLACKMANS 8.8 6.0 LOST 13.7 11.0
BOSWORTH 241 20.0 MARTHA N. 21.3 19.0
BRYANT 7.0 6.0 MARTHA S. 12.5 10
CASSIDY 7.5 6.0 MEADOW 6.4 5.0
CHAIN 6.0 5.0 NINA 12.5 10.0
COCHRAN 16.0 15.0 PANTHER 11.0 10.0
CRABAPPLE 14.9 12.0 RILEY 13.7 9.0
CRYSTAL 9.8 9.0 ROESIGER N. 335 30.0
ECHO 15.2 13.0 ROESIGER S. 21.0 20.0
FLOWING 21.0 18.0 ROWLAND 7.6 6.0
GISSBERGN. 7.4 6.5 RUGGS 4.7 3.0
GISSBERG S. 4.7 3.5 SERENE 6.7 5.0
GOODWIN 15.2 13.0 SHOECRAFT 10.7 9.0
HILTON N. 2.5 2.0 SPRING 3.0 --
HILTON S. 3.5 3.0 STEVENS 47.0 40.0
HOWARD 15.2 14.0 STICKNEY 10.0 9.0
KAYAK 6.0 4.0 STORM 14.0 12
KETCHUM 6.4 5.0 SUNDAY 6.0 4.5

Kl 21.3 18.0 WAGNER 6.7 5.0
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Figure2-2: Locations of Monitored Lakes in Snohomish County
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2.5 Practical Constraints on Study Design

The Lake Management Program is fundedSbphomish Cauy Surface Water Utility fees that

are allocated on an annual basis. The scope of the project is limited by the project funding and is
contingent upon annual approval of that funding. In addition, the program relies heavily on the
use of traned volunteer lake monitors to be able to monitor the quantity of desired of lakes

with the desired frequency.

2.6 Tasks Required to Collect the Data
The annual tasks to effectively collect data each year are as follows:

91 Determinelakes to be included in th&tudybased on budgetonstraintsand volunteer
availability

1 Identify if any lakes require additional collection of data for that year (e.g. more

frequency or an additional parameter).

Develop the specific sampling schedule

Maintain and prepare equipmerand bottlesand distribute to volunteers

Train volunteers (workshop/onsite vistsaccording to training schedule)

Conduct monitoringk pick up volunteer sample

= =4 =4 =9

2.7 Decisions Based on Monitoring Program Data

The monitoring program results will allow SnohemCounty to establish theurrent water

guality stdus of each lake, identifipngterm water quality trends, and dect specific water

guality problems. With this information, an appropriate management strategy can be developed
for each lake using the pcessoutlined inFigure2-3. The managemergtrategies can then be
prioritized based to efficiently use limited County resources. Furthermore, the lake information
will be shared with the public including lake communities so they can also work to protect and
improve lake water quality.

Figure2-3: Management Model for Snohomish County Lake Management Program
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3 ORGANIZATION AND SCHEDULE

3.1 Project/Task Organization

The purpose of this document is to present Reality AssuranceMonitoring Pan (QAMP)dr
collecting water quality and other data to assess the chemical, physical, and biological
characteristics of select lakes in Snohomish County, Washington. A volunteer sampling team
trained and coordinated by technical professionals from Snohomish Cauihfyerform water
quality data and ambient sample collection. Sampling training and effort will be coordinated by
the Snohomish County Lakes Mageaent Program Project Manager.

The organizational aspects ofrenitoringprogram provide the framework faronducting

tasks. The organizational structure can also facilitate project performance and adherence to
quality control (QC) procedures and quality assurance (QA) requirements. Key project roles are
filled by those persons responsible for ensuring tbkection of valid data and the routine
assessment of the data for precision and accuracy, as well as the data users and the person(s)
responsible for approving and accepting final products and deliverables. The key personnel and
responsibilities for thé.ake Management Program and water quality monitoring for Snohomish
County are listed ifrigure3-1.

Figure3-1: Project/TaskOrganization andResponsibility Summary

Personnel Responsibility Address/EMalil FUIEIE
Number

Marisa Burghdoff | Overall responsibility for the | 3000Rockefeller MS/ 607 | 4253883204
Lake Management| program, including budget Everett, WA 98201
Project Manager | and staffing marisa.burghdoff@
Snohomish County sShoco.org
Jennifer Oden Responsible for training 3000 Rockefeller MS/ 607 | 425262-2601
Program Technical| volunteers, analyzing data an Everett, WA 98201
Lead coordinating logistical and jennifer.oden@snoco.org
Snohomish County| technical elements of the

program
Katie Ruthenberg | Resmnsible for training 3000 Rockefeller MS/ 607 | 425262-2907
Program Technical| volunteers, analyzing data an Everett, WA 98201
Lead coordinating logistical and katie.ruthenberg@ snoco.or
Snohomish County] technical elements of the

program
Volunteers of Responsible for collecting hig| Various Various
Snohomish County] qualitylake data

3.2 Project Schedule & Limitations

The Snohomish County Lake Monitoring program is atery ambient water qualit

monitoring program. The annual schedule of tasks is shdvigire3-2. Each year the
implementation of the program as well as the number of lakes that are to be included in the
program are contingent upon the availability of Surface Watdit{Jtees to support the
program.


mailto:marisa.burghdoff@%20snoco.org
mailto:marisa.burghdoff@%20snoco.org
mailto:jennifer.oden@snoco.org
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Figure3-2: Annual Monitoring Program Tasks

Task Schedule of Task Implementation

Develop Annual Monitoring Plan & March

Schedule

Volunteer Recruitment & Training March- May

Lake Monitoring May ¢ Oct or yeairound (lake dependent)

Sample Analysis by Lab Within holding time

Data entry & verification Within 30 days of receipt

Disposal of samples Upon receipt of payment by Snohomish County
the contractedlaboratoryor otherwisespecified

Annual QC review Nov- Dec

Data analysis and reporting Jang May (following year)

4 QUALITY OBJECTIVES

Data quality objectives (DQOs) are qualitative and quantitative statements that clarify the
intended use of the datajefine the types of data needed to support decisoidentify the
conditions under which the data should be collected, and specify tolerable limits on the
probability of making a decision error due to uncertainty in the data (if applicable). Data users
develop DQOs to specify the data quality and quantity needed to support specific decisions.

4.1 Decision (Data) Quality Objectives

Data, or decision, quality objectives determine when data will be used to select between
management alternatives or to determinempliance with a standard. Management decisions
for improving lake quality using monitoring data will require generation of an adequate quantity
of data influenced by numbers, locations, and frequency of samples from sites that must be
analyzed. A set afata eventually used to make management decisions will meet various
standards or comply with minimum requiremeragstatistical evaluation and have the ability to
distinguish between two environmental conditions (e.g., impaired orimgtaired) with an
acceptable level of uncertainty.

The gquality of an environmental monitoring program can be evaluated in three steps:

1. Establistscientific assessment quality objectives

2. Evaluateprogram design taleterminewhether the objectives can be met

3. Implementassesment and measurement quality objectives that can be used to
evaluate the appropriateness of the methods being used in the program

The quality of a particular data set is some measure of the types and amount of error associated
with the data. Sources of gor or uncertainty in statistical inference are commonly grouped
into two categories:
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1. Sampling error: The difference between sample valuesiasttud (i NHzS ¢cauddd f dzS &
by unknown biases due to sampling design. Sampling error includes natural Msriabi
(spatial heterogeneity and temporal variability in population abundance and
distribution) not specifically accounted for in a design (for debigsed inference), and
variability associated with model parameters or incorrect model specibicgfor
modelkbased inference).
2. Measurement error: The difference between sample valuesiargitua i NHzS ¢ @ f dzS a
associated with the measurement process. Measurement error includes bias and
imprecision associated with sampling methodology, specification of tigpkag unit,
sample handling, storage, preservation, identification, instrumentation, and the like.

Data needs are determined based on the requirements for making local management decisions
to protect or improve lake water quality and on the criteria feeatual use of lake data in
regulating impaired lake water quality (e.g., 303d listing proceBlg data requirements for

this program encompass aspects of both laboratory analysis and database management to
reduce sources of error and uncertainty in thee of the data. Criteria for identifying impaired

lake conditions are based on the current 303(d) Listing Policy developed under delegated

authority by the Washington Department of Ecology
(https://fortress.wa.gov/ecy/approvedwga/ApprovedSearch.aspx

4.2 Measurement Quality Objectives

¢tKS avhQa FT2NJGKS 1S Y2yAG2NAY3 LINR2SOG KI @S
reduce sample bias, and ensure that the sensitivity is high enough to meet the data quality

objectives. For samples that will be analyzed at a contracted labgreqoiality control samples

will be required as described Figure4-11 y R G KS | a a2 OA I (i Bdgered@vTheQd | NB
avhQa F2NJ FAStR #iguedE Sa T NB 2dzif AYSR AY

Figure4-1: Laboratory Quality Control Samples

Type of Quality] _
Control Sample Description Use
Method Blank | Reagent grade matrix, free of targg Detect the introduction of
analyte(s). contamination or other artifacts intc
the laboratory sample handling and
analysis
Laboratory Reagent grade matrix that containg Estimate analytical accuracy and
ControlSample| a known concentration of target precision by comparing measured
and Laboratory| analyte(s) results to actual concentrations.
Control
Duplicate
Laboratory An aliquot ofthe fieldsamplesplit |! 8a4Saa 0GKS €1 062N
Duplicae by the laboratory angbrocessed in
exactly the same manner
Matrix Spike An aliquot ofthe field sample to Assess potential interference from
and Matrix which knownconcentrationof the sample matrix. Duplicates are
Spike Duplicatg targetanalytgs)are added,
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Type of Quality|

Description
Control Sample escriptio 55
processed in exactly the same dza SR (2 | aasaa
manner. precision
Field Blank Analyte free deionized water that is. Ensure that no contamination was
process in the field in the sample | introduced during sample collectior
manner asa field sample preservation, and handling.
FieldDuplicate | A split sample, labeled in a similar | Assess precision, including variabi
manner as regular samples, associated with both the laboratory
submitted to laboratory, and analysis and the sample collection
processed in exactly the same process
manner.

4.2.1 Precision

Precision is a measure of the scatter in the data due to random error that is expected primarily
from sampling and/or aalytical procedureslt is demonstrated by the degree of mutual
agreement between individual measurements or enumerated values of the same property of a
sample, usually under demonstrated similar conditions. Precision of sampling methods is
estimated by &king duplicate samples at the same sampling steffietd duplicate) or by

having duplicate analysis performed on laboratory samples (lab duplicate). Lab duplicates may
also be performed on other quality control samples that address bias as discussection

4.2.2- Bias which include matrix spike duplicates aladboratory control duplicate).

Precision is calculated from two duplicate samples by relative percent difference [REDD.C
calculation also addresses uncertainty due to natuealation and sampling error.

|C1 - Cz |
Mear(C,,C.,)

whereC1 = the fst of the two values andC2 =the second of the two values.

RPD= x10®%

If precision is to be calculated from three or more replicate samples (as is often the case in
laboratory analytical work), the relative standard deviation (RSD) will be calculated as

S
(o
Where ¢ is the mean of the replicate samples, aid the standard deviation and is determined

by the following equation:

wherec;is the measured value of the replicaiejs the mean of the measured values, arid
the number of replicates.
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Laboratory duplicates will be analyzkat frequencies shown ifrigure4-2 and

Figure4-3. Field duplicates will beollected for approximately 10% samples. Lab duplicates
will be run for approximatel{t0%of the total samples submitted to the lab or at least one per
sample batch.

The relative percent difference (RPD) for duplicate samples will be less than or equal to 20
percent in most case§he RPD is not appropriate fealues in the low sample value range,
therefore no precision criterion are established for field duplicates whboratorysample
results are less than or equal to;

1 0.015mg/L for total phosphorus and soluble reactive phosphorus

f vy >3k[ T2 Nandpkde@pManlaK & f t I

1 0.5 mg/L for ammonia nitrogen, nitrataitrate, and total persulfate nitrogen
1 7 mg/L for alkalinity

T Hn >3k[) FT2NI ANRY

For insitu chlorophyll a and phycocyanin measurements, the field readings are strongly
influenced by the density aflgae. Therefore, a sliding scale will be used for precision,
depending on the levels of chlorophyll a and phycocyanindpmeasured, as described in
Figured-3. Professional judgment along with the above criteria will be used to determine the
acceptability of field duplicates.

4.2.2 Bias

A& Ada I YSI&Ad2NB 2F O2yFARSYyOS GKIFIGd RSaONRO6SaA
Efforts will be taken to detect and redeidias in both field measurements, sample transport

and handling, and lab analysis. Bias in field measurements will be reduced through frequent and
proper instrument calibration and maintenance procedures. Bias in water quality sampling will

be reduced though annual staff training on appropriate sampling procedures as well as sample
transport and storage as outlined Appendix A Snohomish County Lake Monitoring Manual

Analytical bias of water quality samples will be reduced by training and adheretioe to

contracted laboratories quality assurance plans. Laboratory check samples, field blanks, and lab
blanks will be used to provide compliance criteria for bias as shoWwiyinme4-1 and Figure4-3.

Analytical laboratoryiasis normally determined by the percent recovery of the target analyte
in spiked samples also by the reeoes of the surrogates in all samepland Quality Control
samplesLaboratory accuracy ranges are specified in the contract laboratory Quality
Management Plan and depend on the parameter being measured. Calculations for % recovery
for laboratory control amples (LCS) and matrix spikes (MS) are showcadcalated as follows:

WE Wa wio Wiwga o

bl a0 g [ fQDGA jEXE 6B dafdxE & o
o . —
- GatdiEmpaaaa PN

The percent recovery of the matrix spikes and standard reference matasatsin laboratory
control samplesvill be less than or equal t620 percent. At least one laboratory control
samplesused for analysis of water glity samples should not be greater than 10 times the
method detection limitMethod blank samples will be analyzed with each batch of saniples
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detect potential contamination Results for methoend fieldblank samples should be less than
the minimum deection limit for each parameter.

4.2.3 Sensitivity

Sensitivity reflects the ability to discern the difference between very small amounts of
substance. Measurement quality objectives should be expressed at the lowers concentrations of
interest. The generalute of thumb is to choose a method capable of producing accurate results
at or near the reference levels. The method would then need to have a detection limit well

below the reference level. However, sensitivity is also defined in a specialized sehee as t
lowest concentration of a substance that can be detected. The sensitivity criteria were based on
these concepts and are outlined for each parametdfigure4-2 and Figure4-3.

4.3 Representativeness

Representativeness will be achieved through collection of samples at multiple depths in the
lake. Lake conditions can changeratreasing depths, representing a naturadigcurring
environmental gradient. Seasonal variability will also be addressed by sampling multiple times
during the year in a prelefined Index Period.

Sample representativeness will be addressed at two distitegis of the data collection process.
During sample collection, the use of generally accepted sampling procedures (as identified in
Appendix A Snohomish County Lake Monitoring Mar)uala consistent manner throughout

the project will ensure that repentative samples are obtained. During sampling within

the laboratory, samples will be mixed by inverting several times to ensure that the analytical
subsample is representative of the sample container contents.

4.4 Completeness

Completeness is definedsahe percentage of measurements made that are judged to be valid
according to specific criteria arate entered into the data management system. Lack of data
entry into the database will reduce the ability to perform analyses, integrate results, prepare
reports, and make management decisioriBherefore every effort is made to avoid accidental
or inadvertent sample or data loss. Accidents during sample transport or lab activities that
cause the loss of the original samples will result in irreparabkdbdata. Samples will be
stored and transported in unbreakable (plastic) containers wherever possilsample
processing (susampling, sorting, identification, and enumeration) will occur in a controlled
environment within the laboratory. Fieldepsonnel will assign a set of continuous identifiers to
a batch of samples.

Percent completenes84Q for measurement parameters can be defined as follows:
., W
PO "_YZ p T
where V = the number of measurements judged valid and T = the total number taken

For this project, sampling will be considered complete when no less than 90 percent of the
samples collected during a particular sampling event are judged \atlidny time where data

are not complete, decisions regardingsampling and/or reanalysis will benade by

Snohomish County. These decisions will take into account the project data quality objectives as
presented above.
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Completeness will also be judged by comparison to the monitoring parameters and frequency
laid out in the monitoring schedule. Fdrg criterion, completeness is defined as the number of
measurements taken divided by the number of measurements scheduled. While the goal for
this criterion is 100 percent completeness, a lower percent completeness may be acceptable for
a volunteer monibring program

4.5 Comparability

Two data sets are considered to be comparable when there is confidence that the two sets can
be considered equivalent with respect to the measurement of a speeifiale or group of
variables Comparability is dependent onefproper design of the sampling program and on
adherence to accepted sampling techniquetsndard operating procedures (SORsid QA
guidelines.

Data comparability generated among lakes and over time in the Snohomish County Lake
Management Program witle ensured through the application of standardized sampling
procedures Appendix A, Snohomish County Lake Monitoring Manuahalytical methods,
units of measurement and detection limjtandadherence taQA guidelines.
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Figured-2: Measurement Quality Objectives for Laboratory Analysis

December 2018

Precision Bias Sensitivity
Frequency of Labqratory Field_SampIe Control Ma_trix Method | Field I\Dﬂtlar'::arzsgl
| Quality Duplicates? Duplicate Standard | Spike Blanks | Blanks Limit

Parameter Matrix
Assurance _ , % %
Checks gﬁmlztrg/r?cze(ggg) gﬁ::?:ﬁcze(gﬁg Recovery | Recovery| Units Units Units

Limits Limits

Total One peranalysis

Phosplorus Water | batch of20 20 +20° +10 +20 <MDL |<MDL | 0.002mg/L
samples

Soluble One per analysis

Reactive Water | batch of 20 +20 +20° +10 +20 <MDL |<MDL |0.001mg/L

Phosphorus samples
One per analysis

ChlorophyHa | Water | batch of 20 +20 +20° N/A N/A <MDL |<MDL |0.1pgL
samples
One per analysis

Phaeophytin | Water | batch of 20 +20 +20° N/A N/A <MDL |<MDL |0.1ugL
samples

Ammonia One per analysis

Nitrogen Water | batch of 20 120 +20° +10 120 <MDL |<MDL |0.01lmgL
samples

Nitrate- One per analysis

nitrite Water | batch of 20 120 +20° +10 120 <MDL |<MDL |0.01 mgL
samples
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Precision Bias Sensitivity
Laboratory Field Sample | Control | Matrix | Method | Field Mlnlmgm
Frequency of : _ ) Detection
Quality Duplicates? Duplicate Standard | Spike Blanks | Blanks Limit
Parameter Matrix imi
Assurance Relative Percent| Relative Percent % %
Checks Difference (RPD) Difference (RPD R_ec_overy R_ec_overy Units Units Units
Limits Limits
Total One per analysis
Persulfate Water | batch of 20 +20 +20° +10 +20 <MDL |<MDL |0.05mgL
Nitrogen samples
One peranalysis 1.0
Alkalinity Water | batch of 20 +20 +20° +10 N/A <MDL | <MDL | mg/Las
samples CaCo
One per analysis
Iron Water | batch of 20 +20 +20° +10 +20 <MDL |<MDL |10ugL
samples
One per analysis
True Color | Water | batch of 20 x° +20° N/A N/A <MDL |<MDL |5PCU
samples

aDuplicatesncludesLaboratoryDuplicate (field sample spli).aboratoryControl Standard Duplicate and Matrix Spike Duplicate when applicable to the
analytical method

b Forsample results with low values (<015 mg/L for Total Phosphorus and SolubleaRtive Phosphorus, <8 pg/L for Chlorophaydind Phaeophytim, <0.5
mg/Lfor Ammonia NitrogenNitrate-Nitrate, andTotal Persulfate Nitrogen< 7 mg/L for Alkalinity, and <20 pg/L for Iron), no precision criterion are
established for field duplicatednstead, professional judgment will be used in light of the entire dataset to determine the acceptability of field duplicates
¢TheRPD must be within +20 for field and analytical duplicates for True Color if the values are greater than 100 PQupldsdsedaw 100 PCUSs, the
samples must be within 5 PCUs.

dMinimum Detection Limit will vary by analytical nhetd used. Methods are listed
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Figure4-3: Measurement Quality Objectives for Field Measurements

Field Duplicate | Precision Bias Sensitivity
Measurement
Parameter Frequency Range of (% Recovery) Unit of Measurement
Acceptability (deviation)
Dissolved Oxygen (metér) 1 per day +1.0 N/A Minimum detection limi mg/L
Conductivity 1 per day +2 N/A Minimum detection limif
pmhos/cm
pH?2 1 per day +0.2 N/A 4.0 pHunits
Temperature 1 per day +0.5 N/A o°C
Turbidity 2 1 perday 2 N/A NTU
Secchi Disk Transparency 1 per location +0.1 N/A 0.1 meter
in situ Chlorophylia 1 per day 10.5;+2; £5°¢ N/A 0.03 pgd
in situ Phycocyanin 1 per day +2; +5; +10¢ N/A 0.01 phycocyanin units
Lake level 1 per day 0.1 N/A 0.1 feet

a Biasis ensured by calibrating the instrument before use.

® Minimum Detection Limit will vary by analytical method usédethods are listed ifFigure7-1

¢in situchlorophyll is measured byfaiorometer and is affected by cell density. It is more sensitive at lower algal concentrations. Therefore, for values less
than 10pg/Lthe acceptaldity is +0.5u9/L; for values between 10 and 3@/L the acceptability is 2ug/L; for values over 5Qg/Lthe acceptability is % pg/L.

4 in situphycocyaniris measured by duforometer and is affected by cell density. It is more sensitive at laged concentrations. Therefore, for values less
than 20 units the acceptability is H#2nits; for values between 20 and 100 units the acceptability iaris, for values over 100 the acceptability is #irits.
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5 EXPERIMENTAL DESIGN (SARLING PROCESS DESIGN)

The Snohomish County Lake Management monitoring design to effectively and efficiently track the

long-term health of the majority of Snohomish County Lakes to support effective lake management

decisions. As discussedSectiorn2.3¢ Information & Data Requiremenighe program was initially
RSAAIYSR (2 NBLXAOFIGS 902t23eQa adlriSeARS @2ftdzyd S
for collection of additional parameters and observational data that are the most critical to further

enhance lake understanding. Thlissign will be applied to all lakes in the County with the exception

of Lake Stevens. As funding is available the standard monitoring program may be enhanced on an

annual basis with additional parameters or frequency as discussed in the following sections.

5.1 Monitoring Responsibility & Training

The annual sampling plan will identify the sampling responsibiitgither a volunteer lake monitor
or Snohomish County staff. However, Snohomish County staff will conduct monitoring if volunteers
are not availabldor a sample event.

Most monitoring will beconducted by volunteers that are trained as follows:

1 All volunteers receive and are required to re&ppendix A, Snohomish County Lake
Monitoring Manual

Al wlunteersreceive an orsite training visittore8 ¢ I yR LN} OGAOS It {h
according to the following schedule:

0 1-4 years of volunteering site visit conducted every year
0 5+ years volunteering site visit conducted every other year
0 10+ years volunteering caseby-case basis (i.e., every third year)

1 If volunteers do not have an esite training visit, they are required to watch online
training videos\Www.lakes.surfacewater.injoand practice secchi readings with an
online secchi simulatohftp://www.mainevimp.org/secchisimulator/)

1 A volunteer training workshop is also held each year to review results and resolve
any issues. The first hour of this workshop is a refresher in monitoring techmique
especially designed for volunteers with less than 3 years of experience.

5.2 Monitoring Parameters

The chemical and physical monitoring parameters along with the observational data to be collected
are shown inFigures-1 includes a description of how the data collected will help to meet the

LINZ I3NJ YQa 32| Wih the gxBept@droodbgeniatiatias Bireocounts, no biological
parameters are being collected thgh some parameters (e.g. chloroptgllare surrogates for
biological parameters.

As noted in the table, some parameters will not be collected at all lakes on an annual basis. There
are not a sufficient number of dissolved oxygen and temperature metetalifeolunteers. These

are rotated annually to different lakes. Some lake associations have purchased specific equipment to
be used for their lake and will have data collected every year. Volunteers will not have access to a
multi-parameter probes capablef collecting conductivity, pH, arid-situ chlorophylla. These data

will only be collected by Snohomish County staff and will be dependent upon equipment availability
on the sampling day. As shownFigure5-1, there some parameters (e.g. nitrate/nitrate, soluble
reactive phosphorus) that could help to inform those results that were not included in the regular
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sample design largely due to budgenstraints. However, as budget allows, these additional
parameters may be added on an intermittent or rotating basis to provide additional lake health
information. The depth and frequency of the samples will be specified in the annual sampling
schedule andvill likely correspond to the frequency of comparable parameters specifi€tjure
5-1.

5.3 Monitoring Schedule

Lakemonitoringwill occurin a summerndexperiod of May throughOctober. All field

measurements and observations will be taken twice a month during this period. The index period
was chosen t@nsure that the beginning and peak of the algal and planktomtr season are
characterized.

Water sampling (posphorus, chlorophy8, and total nitrogen) will only occur from June through
September at a frequency of once per month. The timing and frequency correspond to the period of
interest for phosphorus impairment as describeSiacion 1.3 ¢ Parameters or Contaminants of

Concern and Related Criteria.

Each year, a sampling schedule will be developed to identify the time window for the two sampling
events for each month from Mayrough October. The sample schedule will ensure that tlaeee

at least two weeks between the sample events. Water samples will be collected on the second
sampling event of the monthThis will ensure consistency and comparability of results between
years.

There may be cases where a specific question arises or budget allows for a longer sampling period or
more frequent samples. Any additions to the sampling frequency or time period will be identified in
the annual sampling plan.

5.4 Monitoring Locations

Allsamples and measurements will be taken at the deepest point in thetdatkmximize the
representativeness of the sample. Most observational data will also be taken at the deepest point,
but some dservations€.g.such as number of boats waterfowl) may be recorded at any point
during the monitoring visit. Bathymetric maps that identify sampling locations and public access
sites for each lake are locatedAppendix B Lake Maps and Monitoring Locatior&andarddepths

for lake measurements and sammqdi are fiown inFigure5-1. The epilimniorsample depth is

defined as 1 meter. Thaypolimnion is designated at a depth approximately 1 meter from the lake
bottom asspecifiedin Figure2-1.

5.5 Lake Stevens

Lake Stevenkas a unique yeamund sampling schedubbat is shown irFigure5-2. Lake Stevens is
distinct in that it is the largest and deepest waterbody included in the study area. Additional
monitoring is, in part neededs the regular sampling desigmould be inalequate in ensuring the
data isrepresentative of the lake conditions. In addition, Snohomish County collaborates with the
City of Lake Stevens to actively manage and reduce the phosphorus pollution to the lake. The
additional data helps to plan and assess the effectiveness of thamgseff

5.6 Special Projects

Occasionally, a need arises to expand the monitoring to meet additional objectives than are
specified in this document. Special appendices are created for these projects that detail the
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additional objectives and describes and addifll monitoring or parameters deviations from the
general monitoring plan. These special projects are typically for a limited timeframe. A few small
projects from the past are found ppendix & Monitoring Protocols ér Special Projec{2011).
Appendk D ¢ Quality Assuranc®roject Plandr Lake Ketchum Algae Control Plan Praect
AppendixE ¢ Quality AssurancBroject Plan for Lake Ketchum Aldgaentrol Implementation Project,
contain specific QAQC procedures for the Lake Ketchum Algae Goojeait (2010 and 2013
respectively) Appendix F contains th@uality Assurance Project Plan for Lake Loma and Sunday
Lake Algae Control Pla(&018) Additional appendices may be added as new projects occur.

5.7 Assumptions Underlying Design

The sample design assumes that monitored lakesra@stlymonomictic lakes that stratify in the
summer months and turnover in the fall or early wint&rfew lakes may mix more frequently in the
summer given their shallow nature. In colder winters, some lakag afso experience short periods
2F SGAYUGSNI aGNIGAFAOIGAZ2Y Ay GKS S@Syid GKI
that phosphorus will accumulate in the hypolimnion as dissolved oxygen depleted throughout the
summer.
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Figure5-1: Snohomish County Lake Monitoring Program Design and Schedule

November 2018

1X per month

Parameter Schedule Depth Equipment Purpose
Observations
Weather conditions Weather conditionsre tracked to help inform and interpret other lake
(cloud cover, recent precipitation) May ¢ Oct NA NA measurements, including secchi deplike level, and other aspects of lake
’ precip 2X per month condition.
Wind ConditionsWVave type May ¢ Oct NA NA Wave actiorcaused is measured asiitfect measurement of secchi depth.
2X per month
Algae scurs caused by planktonic algaee noted forstaff to respond to potential
Algae scumffilamentous algae May ¢ Oct NA NA toxic algae bloomas well as to inform total phosphorus, secchi, and chloroghy
2X per month results Filamentous algae (green algae that cannot produce togmsje an
indicator of a localizethflux of nutrientsas well as an overall health indicator
Recreational suitability describes perception of the lake recreation suitability
disregarding poor weather conditions (such as cold wéte) can help to inform
Recreational Suitabilitgnd Usage May ¢ Oct NA NA the perception of lake healthRecreation usage recadhe number of boats,
2X per month people fishing, and swimmers/waders using the lake in the duration of lake
monitoring.It can be used to prioritizéake managementations.
The number and type of waterfowl using the lakelie duration of lake
Waterfowl May ¢ Oct NA NA monitoring are used tdetter understand the ecological role of lakas well as
2X per month identify a potential nutrient source
6-12 inches High densities of planktonic algaethre top 612 inches of wateare used to
Algae in water May ¢ Oct below Secchi Disk | assess algae results and inform chlorophy$iecchi, and total phosphorus
2X per month surface readings
Half of Apparent colomor the color of wateras seen by thbuman eyeisinfluenced by
Water Color May ¢ Oct secchi disk Secchi Disk | the true color of the lake as well as particles (sediment, algae) that are suspe
2X per month reading in the water.Changes over time in apparent color can indicate larger changes
Thepresence or absence of sulflike smell in hypolimnion sample used as an
Lake Odor Jun- Sep Hypolimnion| Water sampler | indicator foranoxt conditions in the lake bottom. It can either confirm findings

from DO/Temperature profiles or be used as a surrogate in its absence.
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Parameter Schedule Depth Equipment Purpose
Field Measurements
Water Clarity May ¢ Oct NA Secchi Disk Watgr clarity is a.W|.delgased|nd|cator oflakewqter qugllty.Secchl depth .
2X per month readings are an indicator of suspended material, sediment, and algae in the
Temperature profiles provide information about how the lake stratifies and
Mav ¢ Oct Surface or | Multiprobe or | conditions in the lake that may affect oxygen levels and algae growth. If profil
Temperature VAN : o
2X per month Profile Thermometer | cannot be taken, wrface temperaturesire taken taindicate how warm or cool
the lake becomes and how quickly temperature changes throughout the seas
Dissolved oxygen is used to understand how a lake stratifies, which prevents
Dissolved Oxygen May ¢ Oct Profile Multiprobe oxygen from beig re-d d_zLJLJf _7\ Sa FNRBRY uUuKS luy _z't’sa LIK
2X per month essantial for all aquatic life and its presence or absences affects cycling from |
sediments especially with regards to phosphorus.
Conductivity is& S &dzZNBE 2F ¢ GSNDRa FoAftAGe |
Conductivity May ¢ Oct Profile Multiprobe Conductlylty |§related to the concentration and charge of dissolved ions in wat|
2X per month and provides information on the local geology. An increase can also be an
indicator of pollution sources.
The acidity or alkalinity of wateran affect the solubility of the water and
oH May ¢ Oct Profile Multiprobe biological availability of c_hemlcal constituents ant_j heavy metals. pH can _be
2X per month affected by fotosynthesisan be affectedy aquatic plants and algae, sedimen
fertilizers pesticides, septic systenffleient, andrunoff from development.
Surface or Chlorophyllais a photosynthetic pigment present is all algae and aquatic plan
in-situ chlorophylla* Junc Sep Profile Multiprobe | Because it is present in all algae, it is used as a measure of agaass in lakes
1X per month and is used to determine the trophic status of a lake.
in-situ phycocyanin Junc Sep Surfage or Handheld P.hycocyanln is a plgmgpt present in cyanobacteria. It is used to measure the
2X per month Profile Fluorometer | biomass otyanobacterian a lake.
As frequently Staff plate or | Lake level indicatethe amount of water in the lake and affedekeusers and
Lake Level ; NA . : ) . L : :
as possible fixed location | residents if too high in the winter or too low in the summer.

Lin-situ chlorophylla taken when SWM staff has sensor for multiprobe instrument.
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Parameter Schedule Depth Equipment Purpose
LabMeasurements
Epilimnion & Phosphorus is a nutrient essential for growth in plants and animals. It is impo
Total Phospbrus, TP Jun- Sep Hp olimnion Water Sampler| to algae growth and is usually the limiting factor in biologmraductivity in a
1X per month | FYP lake. Too much phosphorus in a lake can lead to nuisance algae blooms.
Chlorophyllais a photosynthetic pigment present is all algae and aquatic plan
Chlorophylia Jun- Sep Epilimnion | Water Sampler| Because it is preseim all algae, it is used as a measure of algae biomass in I3
1X per month and is used to determine the trophic status of a lake.
Phaeophytira is a molecule formed by théegradationof chlorophylla.
Phaeophytina Jun- Sep Epilimnion | Water Sampler| Concentrations help understand concentration of active chlorophyll a pigment
1X per month and phaeopigments.
Nitrogen is a nutrient essential for growth in plants and animals. It is useful to
Total Persulfate Nitrogen Jun- Sep Epilimnion | Water Sampler| assess the ratio between phosphorus and nitrogen to understand the relative
1X per month importance of these nutrients and algabundance in a lake.
A Soluble reactive phosphoris the portion of phosphorus that is immediately
. As Budget | Epilimnion & : . . .
Soluble Reactive Phosphorus, SF oo Water Sampler| available for use by alga€ollected for projects that require understanding of
Allows Hypolimnion . .
internal loading
L As Budget | Epilimnion & Ammonia nitrogen is an inorgarfierm of nitrogen that is allected for projects
Ammonia Nitrogen L Water Sampler . . . : S
Allows Hypolimnion that require understanding of nutrient loadirgpurces and cycling in lakes
Nitrate-nitrite As Budget Ep|||m_n|or_1 & Water Sampler Nltrate—nltrlt_e is an inorganic fqrm of nitrogen coII_ect@nk projects that require
Allows Hypolimnion understanding of nutrient loadingources and cycling in lakes
As Budget True color is the color of water after all suspended substances that could infly
True Color Allows (ideally| Epilimnion | Water Sampler| the color have been removed. True color is important in understanding trendsg
every 5 years) secchi and chlorophydl data.
As Budget Akah yAGe& Aa | YSFada2NBE 2F | fF1SQa |
Alkalinity 9 Epilimnion | Water Sampler| buffering capacitylt is ®llected to understand buffering capacity of lake to
Allows 2 . .
determine if a buffer is needed withn alum treatment.
T Iron-bound phosphorus in lake sediments can be released in anoxic condition
As Budget | Epilimnion & : R . LT
Iron o Water Sampler| Along with analyzing iron in sediment cores, iron in water candfieated to
Allows Hypolimnion

understand iron dynamics to determine restoration (aeration, alfeagibility.
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Dissolved
Water Quality Observatlo'ns Surface Y1 Chlorophyll a Ireizzl Solubl'e
Parameter and Secchi Temperature Temperature, | Phosphorus, Total Phaeophviin Persulfate Reactive
Depth P pH, Phy Nitrogen Phosphorus
Conductivity
_I}_/I;paesurement Field Field Field Laboratory Laboratory Laboratory Laboratory
Apr-Nov
Yearround Yearround Yearround DecMar Yearround Yearround Yearround
Schedule 1X per
1X per month| 1X per month| 1X per month month 1X per month | 1X per month| 1X per month| 1X per month
1,5, 10, 20,
Depth NA Surface Profile? 30 &40 1,10,20,and| 1,5, &10 1 meter 40 meters
meters 40 meters meters

2 Profile readings at Lake Stevens is taken at surface, 1, 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20, 25, 30, 40, & 44 meters
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6 SAMPLING PROCEDURES

Sampling methods focus on characterization of water chemistry (e.g., dissolved oxygen and pH)
and the physical propertiesf lake water(e.g., temperature and conductivity). The collection of
samples prescribes collection periods, handling proceduresidamdification procedures that
minimize and identify systematic error in the Snohomish Colakg monitoring program.
Performance expectations of the samplers described in this septmridesinformation that

can be used for data verification and validation.

Achieving accuracy in data generation begins with a sampling procedure that is well conceived,
described, and carefly implemented (WSDOE 200The following suisections of the QAMP
describethe essentialdetails of the sample collection methsdnd the sample handling and
labeling procedures (U.S. EPA 1990).

61 3Ai PIETC / PAOAOETT 001 AAAOOAO j3/080Q

The detailed sampling procedures are found\ppendix A Snohomish County Lake Monitoring
Program Monitoring ManualThe sampling locations, sample types, sampling equipment, and
methods are briefly described Bectior? - Project Descriptian

6.2 Sample Collection and Handling

Recommended sample sizes, containers, preservation techniquesading times for
measurement of the conventional water quality parameters are listdeignre6-1. Sample
containers will be kept closed until each set of samgaietainers is filled. All samples will be
placed immediately in a cooler and kept cool and dark until delivered to the lab. Lake water
samples will be collected using a vertical water sampler.

Total phosphorus, soluble reactive phosphorus, and chloréprsdmples will be collected in
polyethylene or glass bottles provided by the laboratory. Sample bottles and laboratory
glassware for lakeelated sampling shall be reserved for ulicav P waters (i.e. lakes) and can
never be used for sampling or anatyg wastewater or agricultural runoff where there is a
potential to exceed 10Qg/l. Allphosphorussample bottles are to be acid washed with 1N HCL
six times followed by 3 rinses with denized water. A small amount of magnesium carbonate
will be addedo the chlorophylla sample bottles for preservation.

Whenever possible, samples will be processed within the recommended holding time.
However, due to the nature of a volunteer monitoring program, samples may be taken on
Saturday morning and not delivet to the laboratory until Monday afternoon, which would
result in a delay of up to 60 hours until filtration. The longer time period exceeds the
recommended holding time of chlorophgl The potential impact on chlorophglwould be an
increase in célysis (breakdown of the cell wall and leaking of cell contents to the water). This
breakdown would take place prior to filtration and would reduce the amount of chlorophyll
retained on the filter. Carlson and Simpson (1998jdress this matterintheé 2 2 NRA Y I (2 ND &
Guide to Volunteer Lake Monitoring Methodghe first study cited{erveandHeinonen(1982)
found that wholewater samples stored a&°C in the dark can be kept up to 1 day without
significant degradation of chlorophyl The second stud(Weberet al.1986) found no change

in refrigerated samples over 18 dayslowever, if the samples remained at room temperature
(20C), 50% of the chlorophylegradedin 5 days.Accordingly, using the Snohomish County

20



Quality Assurance Monitoring Plan December 2018
Snohomish County Lake Management Program

lake monitoring procedures, the aynt of chlorophyll degradation that may occur between
sampling and filtering at the lab within 60 hours should be minimal. Therefore, samples will be
considered acceptable within 60 hours provided they are kept in a cold dark environment prior
to filtration.

Similarly, the recommended holding time for color samples is 24 hours, but samples may not be
processed for 48 to 60 hours. The shorter holding time is to account for any changes in color

that may occur when the sample is exposed to light, potegtimleaking down color containing
compounds. Since the samples collected are surface water samples and already exposed to light
(compared to groundwater samples), the opportunity for color degradation is minimal.

Therefore, water color samples processeithim 60 hours of the sample time will be considered
usable. Section9 - Data Managemenfurther outlines how samples that exceed holding times

will be addressed.

Figure6-1: Containers, Preservation Techniques, and Holding times for Water Quality Parameters

Sample Sample Recommended SRl
Parameters b’ P Preservation . . Holding
Container Volume Holding Time :
Time
Total Polyethylene, o i | cool, 4°C | 48 hours 28 days
Phosphorus Glass
Soluble Polvethvlene Filter within
Reactive Gla)és y 1 125 ml 12 hours, 24 hours 48 hours
Phosphorus Cool 4°C
Cool, 4°C,
0,
Chlorophyl!a/ Polyethylene, 1000 m 0.2% 24 hours 60 hours
Phaeophytira | Glass saturated
MgCQ
A_mmonla Polyethylene, 125 mL Cool4° C 24 hours 28 days
Nitrogen Glass
Nitrate-nitrite | OVEtYIeNe) 150 i | Coola°c | 24 hours 28 days
Glass
T(_)tal Persulfate Polyethylene, 125 mL Cool.4° C 24 hours 28 days
Nitrogen Glass
Alkalinity Polyethylene, 100mL Cool, 4°C | 24 hours 14 days
Glass
Polyethylene, Cool,4° G
Iron Glass 125 mL HNG at lab 6 months 6 months
Polyethylene,
True Color Gl 125 mL Cool4° C 24 hours 60 hours
ass
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6.3 Field Recording Methods

Whenvisiting a sampling station, the sample collector will record the following information on
water-proof field sheetr into anequivalentelectronic field form(Figure6-2 Figure6-3). The

field sheet was developed for volunteer aoduntystaff use In cases where @itional samples
or observations are added per the annual sampjitam, the field sheewill be adaptedo allow

for additional recording.

w Location

Date andTime

Names of sampling personnel

Number/type of samples collected

Weatherconditions

Recreational observatiorend wildlife observations

Descriptions of anphotographs taken

Onsite field measuremerst(Secchi disk depth, temperature, water level)

Algal and aquatic plant abundance

Visible olor of water

Unusual conditions (changes in land uses, presence of oihshedors, nuisance

conditions)

Profiles of dssolved oxygen, temperature, conductivity, and pH (if equipment is

available)

1 Field notes regarding changes to the sampling plan or unusual circumstances which
affect interpretation of the data (e.qg. ice presence on lake).

gegegegeeeeeee

=

6.4 Sampling ldentification and Custdy

Each sample bottle will have a waterproof sample identification label or tag. All sample bottles
will be labeled before the time of collection. Sample labels will include station designation
(including depth)date, tme, and type of sample. Speciicalyses to be performed and any
pertinent remarks will also be recorded on the labhy issues or concerns regarding the

sample collection process will be recorded on the data sheet under the comments section and,
if applicable, will also be noted ohé Chairof-Custody formlf samples are taken by volunteer
lake monitors, they will be placed outside their residence in a dark cooler and will be
accompanied by a data sheet which contains the Cbhki@ustody release information. Samples
will be pickedup by Snohomish County staff within 6 hours of being placed outside.

All water quality samples will be hand delivered to the contract laboratory by Snohomish County
personnelor picked up by the lab at Snohomish County from a secured sample storage area
Samples will be accompanied by the sample tracking f¢gom€hairof-Custody formsjvith

sample numbers, requested analyses, number of bottles, bottle sizes and contact information.
An example of thehain of custodyorm currently in use for the Snohasin County Lake
Management Program is presentedrigure6-4.

6.5 Calibration of Equipment

The calibration oprobes fortemperature, DO, conductivity, turbidity, pkh-situ chlorophylla,
and phycocyanimwill be conductedbefore each sampling eventalibration of fieldnstruments
will beperformedl OO0O2 NRAY 3 (2 GKS YI ydzF | GiagkhNdmiffer RSaA 3yl i
solutions that areclose to the range of expected values (e.g. low ionic strength buffer for
conductivity) Individual sensors will be considered to be operating correctly if the instrument
22



Quality Assurance Monitoring Plan December 2018
Snohomish County Lake Management Program

reading is within 15 percent of the calibration standard value. If the two valeesairwithin 15
percent of each other, the probe will be cleaned and recalibrated. If these two values are still
not within 15 percent of each other following cleaning and recalibration, the probe itself will be
maintained and, if necessaryeplaced Fidd measurements that exceed the normal range of
values for each parameter will require that a calibration check of the instrument be completed
upon return from the field. If the calibration check falls outside the acceptable calibration limits,
the instrument will be recalibrated and a new field measurement will be taken at the site. All
calibrationinformation will be recorded in the calibration log. If field data are outside
acceptable limits, thelata sheet will be annotated with flags to indicate thiae data are not
acceptable. Any remediation actions performed on the instrument will be reflected in the
instrument maintenance log.

6.6 Periodic preventative maintenance (PM) of measurement and test equipment

Periodic regular inspection of equipment aimdtruments is needed to ensure the satisfactory
performance of the systema&ill field measurement instruments will receive preventive
YIAYOGSYyly0OS Ay I O02NRIyOS 4 AEad yeérkliSampling dzF | O (i dzNB NI
equipment is checketbr functionality by Snohomish County staff during training sessions
including thermometers, samplers asdcchi disksAll dissolved oxygen/temperature meters

used by the volunteer lake monitors are maintained on an annual basis in March or April prior to
distribution for the field season. This includes cleaning all probes, changing sensors tips or
solutions as needed, chaimg batteries and conducting a calibration check. Sensors used by
SWNM staff on a yeaound basis are maintained more frequently. gdhsomaintenance

activitieswill betracked in & equipmentmaintenance logvhich will includeserial numbers
manufacturermodel number, and year of purchase.

6.7 Invasive Species Evaluation and Equipment Contamination

Invasive species are regularly evaluated as pfitie Snohomish County Lake Management
Program Duringsampling eventsat each lakestaff and volunteers araoting aquatic species
observed as part of observations. Volunteers are trained on the highest invasive aquatic species
of concern for lakes and@encouraged to send it samples of plants or animals that are found

for identification. Most volunteers have boating equipment that does not leave their lake.
However, they are trained on boat inspectidonsreduce the spread of invasive species.

Snohomis County staftheck boat trailers before and after launching at each.lékeddition,
Snohomish County Surface Water Management has a policy ofsegpagate equipment for

areas with knowrninfestations ofNew Zealand Mudsnai(gvhich do not currently occur in lakes)
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Figure6-2: Field DateSheet(Page 1)

I Lake: Date: Time: e
Enerea []
- ] vemed ]
monitor s«
SNgNOMSN COUNTY 454
WEATHER CONDITIONS WATER COLOR
Air Temperature °C Water Color
(Lower disk to 1/2 of today's Secchi depth to identify color)
Water Temperature (~6 inches deep) °C 5 3
Collected with: T thermometer O DO probe Intensity: Olight O moderate O dark
Percent Cloud Cover Tint: Ogreen Cbrown Dred Corange

00% 010% 025% 050% O75% 090% C100%
Ovyellow Cgreenyellow C green brown
Current Wind Conditions

Ocalm Clight O breezy Ostrong yclowbiownOotee_____
Rain withinl I;st 2 da (:""‘” R WATE L
Y Ohes Water Samples Collected: OYes ONo

Jnone  Cslight T moderate
WATER CLARITY Samples Collected & Labeled:

» Secchi Disk O TP /TPN - 1 meter Chain of Custody
Repeat until readings are within 0.1 meter C Chiorophyil a - 1 meter ~ Redinquished by
. 5 i Sas
1**SecchiReading ___ meters DLTE = meen o

(1 meter from bottom) Date-

2" Secchi Reading meters
Odor in Bottom Sample? (rotfen egg) O Yes O No

*Did Secchi disk: O hit bottom? O enter weeds?

Heavy Algae in Water? T Yes C No ﬁt;:z:v aterfowlt:y:eu(z;(.s: e
(Use Secchi disk to assess 6-12 inches below surface) - ;

Filamentous Algae Observed? C Yes T No Recreational Lake Usage:

(Mats of stringy algae - does not dissipate if disturbed) #ofboats: _ #of people fishing:
Algae Scum Observed? CYes ONo # of swimmers/waders:_____

(Looks like paint floating on surface - dissipates if disturbed)

Recreational Suitability (disregard poor weather):

Scum Type: O small clumps O light film O thick scum T —

Sample Taken: o Yes o No Location: o 2 - minor aesthetic concerns
o 3 - swimming & boating slightly impaired
LAKE LEVEL o 4 - swimming, boating & aesthetic enjoyment
Lake Level: Unit: (mches or feet) substantially impaired (would not swim, but boating ok)
(taken from established fixed point at shoreline or dock) o 5 - swimming, boating & aesthetic enjoyment are
County Staff Plate: feet
COMMENTS

(Provide additional comments for aguatic plants, odors, wildiife, poliution, equipment issues, etc. - continued on back)

lakes@snoco.org or 425-262-2907 Turn over for Dissolved Oxygen Monitoring
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Figure6-3: Field Data Shedpage 2)

monitor

SNOHOMISH COUNTY 4<%

December 2018

Staff Use Only
Entered [
veriea []

Equipment

Dep D DO DO (% ond -
Surface _ Baby Ruth—ProDS$S
05 [ MiniSonde 4a
1 O YS! Meter
2  Other:
3
4
Lake Depth: m
5 (depth at which probe hits boftom)
6
7 Phyco Field Calibration
8 CAL Pre Post
9 Value CAL CAL
0
19 50.81
12
14 Other Comments
(continued from page 1):
16
18
20
Dup
—(m)
<10-0.5
Dup
Criteria +05 +10 > 3. + 02 10t50-2
>50-5
* Repeat measurement af one depth to verify inst t precision. Duplicat

reading should be taken at depth near lake surface or bottom

** Duplicate reading should be within the listed cnteria. If the instrument does
not meet the criteria, notify the Lakes group.

Iakes@snoco.org or 425-262-2907

Updated 32018

25



Quality Assurance Monitoring Plan

Snohomish County Lake Management Program

Figure6-4: Chain of Custody Used by Snohomish County Lake Management Program

3927 Aurora Ave N =
P: 206-632-2715

IEH - Aquatic Research

| =

Seattle - WA - 98103
F: 206-632-2417

Chain of Custody Form

March 2015

Page 1 of

1

REPORT TO: INVOICE TO: {IF DIFFERENT FROM REPORT) PROJECT INFORMATION
Client: Snohomish County Surface Water Management Client:
Address: 3000 Rockefeller Ave MS 607 Address Quote No.:
Everett, WA 98201 Client PO
Contact: Jennifer Oden Contact: Client Project: Lakes
Email: jennifer oden@snoco.org Email:
Phone: 425-388-3464 Fax, 429-388-6435 Phone: Fax
Reporting/Invoicing Format Turn Around Time (TAT)* Analysis Requested LAB USE ONLY
O Fax E Email E  Mail |Q  NextDay 2 Business [ |z Case File Number
QC Data Reported O 3 Business Da = Standard § T % ’;‘ '§
O Yes O  No = ‘§ 2| 2|3
£ S E|s
sample Disposal Specific Date: S R
© @ | =
O Hold J  Dispos d  Returr|*Advanced nolice required for Rush An| E E . = g § 5
SAMPLING SAMPLE DESCRIPTION 2 g £ Z|I2|5|E
Date Time Matrix™ | (This Wil AppearOn The Report) | 5 | o |Z | 2| & | £ 2| 3|8 g T Lab ID
| (mm-dd-yy) PP et |z B2 56| =|&8 cle|=2|6 S
SW
**Matrix: B=Biota, DW=Drinking Water, GW=Ground Water, P=Paint, S=Soil, |Comments:
SD=Sediment, SL=Sludge, SW=Surface Water, WW=\Wastewater
Sampled By Date Time
Received By Date Time Shipped By Shipping Reference
Relinquished to Aquatic By (Signature) |Date Time Received at Aguatic By Date Time

v

MEASUREMENT PROCEDURES

7.1

Field Measurement Procedures

Water quality parameters, including pH, dissolved oxygen, conductivity, and temperature, will
be measured in the field during each sampling event using a YSI®, Hydrolab®, or other similar
T 2 Nenfentsafe Retatfedl In & dzNJ
Sectiont ¢ Sampling Proceduremd Appendix A Snohomish County Lake Monitoring Manual

All instrument calibration fieldneasurements, calibration procedures, and maintenance are

fully describedn Sectiorb.

multi-parameter probe.Procedures describingh t Q a

7.2

Laboratory AnalysisProcedures

All laboratory measurementsill be completed bya fully qualified subcontract laboratorig¢hat
is certified by theWashington Department of Ecology Laboratory Accreditafiomgram The
accreditation program should ensure thatgiormance and system audits have verified the
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adequacy of the laboratory standard operating procedures, which include preventative
maintenance and data reductigeroceduresAs part of the SnohomistoGnty lab contracting
process, labs are selected to ensure that the accreditation criteria as well as adherence to the

laboratory quality assurance processes are satisfied.2 K2 YA A K [/ 2dzyGe &a € 62 NI

have includedEH (formerly 4uatic ReseattIng andAmTest Inc.

All analysis methods used for this project are standard analytical methods approved for use by
the EPA and Ecologyd are classified as an EPA Metlfottps://www.epa.gov/cwamethodg

or as Standard Methods (Rice et al. 20T2)e analytical chemistry methodscluding sample
preparation procedures (if applicablaje shown irFigure7-1. All sample volume requirements,
RSGSOGA2Y fAYAGAaZ IYyR K2f RAYy3I GAYSasx gAff
SOPs.

27

0S5

02y


https://www.epa.gov/cwa-methods

Quiality Assurance Monitoring Plan March 2015
Snohomish County Lake Management Program
Figure7-1: Analytical Methodsand ReportingLimitsfor Lake Monitoring Program
Water Quallty Delivery Schedule R_eportmg Units Field Preparation Method
Parametet Limit
Total Phospbrus 24 hoursg 28 days Cool 4°C Automated, ascorbic acid reducti@M4500PF
(TR P 0.002 mg/L or PEspecifically employing 10cm path length
photocell for spectreanalysis
. 24-48 hours Cool 4°C Automated, ascorbic acid reduction SM4500F
Soluble Reactive i :
0.001 mg/L or PE specifically employing a 10cm path len
Phosphorus§RFp .
photocell for spectreanalysis
Ammoma 24 hoursg 28 days 0.01 mg/L Cool 4C Automated cadmium reductio®M4500NH3H
Nitrogen
Nitrate-nitrite 24 hoursg 28 days| 0.01 mg/L Cool 4°C Automated cadmium reductio®M4500NO3F
T(_)tal Persulfate | 24 hoursc 28 days 0.05 mg/L Cool #C Automated,cadmiumreductionSM450INC
Nitrogen (TPN)
Alkalinity 24 hoursG 14 days) 4 mg/L as | Cool #C Titration SM2320B
CaC@
24¢ 60 hours Preserved with | TrichromaticSM10200KPrior to analysis, all
Chlorophylia 0.1 po/L 0.2% saturated | filters must be frozen and undergo sonic prol
MgCQ; Cool £C | cellular disruption
24.¢ 60 hours Preserved with | Trichromatic
Phaeophytira 0.1 po/L 0.2%saturated
MgCQ; Cool £C SM1L8-10200H
Iron 24 hoursc 6 10 ug/L Cool #C EPA 200.7 or 200.8
months
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Water Quallty Delivery Schedule R_eportlng Units Field Preparation Method
Parametet Limit
24¢ 60 hours Cool 4°C Visual Comparison
True Color 5 PCU
SM2120Br EPA 110.2
Dissolved Oxygen| in situ 0.01 mg/L NA dissolved oxygemeter
Conductivity in situ 5 umhos/cm | NA Conductivity meter
pH in situ 0.1 pH units | NA pH meter
Turbidity in situ 0.1 NTU NA Turbidity meter
in situ 0.5 NA Thermometer
Temperature _ °C :
in situ 0.01 NA Thermistor
Secchi Disk In situ 0.1 m NA Black/White Secchi Disk
Transparency
in-situ in situ NA
chlorophylla 0.03 ug/l Fluorometer (460/685 nm)
n-situ . In situ 0.01 Fiuorescence | NA Fluorometer (590/650 nm)
phycocyanin units
Lake level in situ 01 feet NA Staff Plate or pressure transducer gage

I sample matrix for all samples is fresh water
2 refer to the annual sampling plan for number of samples collected and expected arrival dates
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Figure7-2: Expected Range of Results Barameter

Lake Secchi TP Epi TP Hypd TPN Chl &*
Armstrong 0.5-5.0 5-50 <1000 200- 750 <30
Beecher 0.5-3.0 5-50 <150 200-750
Blackmans 1.0-8.0 1-25 <300 200- 750 <30
Bosworth 1.0-8.0 1-25 <75 200-750 <10
Bryant 0.5-5.0 5-50 <300 300- 1500 <30
Cassidy 0.5-5.0 5-50 <300 300- 1500 <75
Chain 0.5-5.0 1-25 <150 200- 750 <75
Cochran 1.0-8.0 1-25 <75 200-750 <20
Crabapple 1.0-8.0 1-25 <75 300- 1500 <20
Crystal 0.5-5.0 1-25 <300 200-750 <20
Echo 1.0-8.0 1-25 <75 200- 750 <20
Flowing 1.0-8.0 1-25 <150 100-500 <20
Gissberg N. 1.0-8.0 1-25 - 100-500 <20
Gissberg S. 1.0-4.7 1-25 - 100-500 <10
Goodwin 2.0-10.0 1-25 <75 100-500 <10
Hilton N. 0.5-25 - - - -
Hilton S. 0.5-3.5 - - = =
Howard 1.0-8.0 1-25 <500 200-750 <20
Kayak 0.5-5.0 5-50 <300 = =
Ketchum 0.5-5.0 1-25 <75 200-750 <20
Ki 2.0-10.0 1-25 <75 100-500 <10
Little Martha 0.5-5.0 5-50 <75 300- 1500 -
Loma 0.5-5.0 10-100 <150 300- 1500 -
Lost 0.5-5.0 5-50 <500 300- 1500 <30
Martha N. 1.0-8.0 1-25 <150 200- 750 <20
Martha S. 2.0-10.0 1-25 <75 200- 750 <10
Meadow 0.5-5.0 10-100 <300 = =
Nina 1.0-8.0 1-25 <150 100-500 <10
Panther 1.0-8.0 1-25 <150 100- 500 <20
Riley 0.5-5.0 1-25 <150 200-750 <20
Roesiger N. 2.0-10.0 1-25 <150 100- 500 <20
Roesiger S. 2.0-10.0 1-25 <75 100-500 <20
Rowland 0.5-5.0 5-50 <500 = =
Ruggs 0.5-5.0 5-50 <150 200- 750
Serene 1.0-8.0 1-25 <75 100- 500 <10
Shoecraft 1.0-8.0 1-25 <75 100-500 <10
Stevens 2.7-10 1-25 <75 100- 500 <10
Stickney 1.6-4.4 1-25 <500 200- 750 <20
Storm 1.3-5.2 1-25 <75 200- 750 <20
Sunday 0.5-4.4 5-50 <1000 300- 1500 <75
Wagner 1.8-5 1-25 <150 100-500 <30

3 Non-detects would also be outside expected valtigligher values should be ciinrmed by looking at other field indicators
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8 QUALITY CONTROL (QC) PROCEDURES

8.1 Field Quality Control Procedures

Prior to sampling, the sampling personnel will verify that they have all equipment on the
checkilist, including the correct field data sheets, the correct sample containers, the correct
sampling equipment, and a transport container with ice or ice packsaspling equipment

will be checked and be known to be in good working order before it is taken into the field.
Quality control activities in the field will include adherence to documented procedures and the
comprehensive documentation of sample colleatinformation included in the field sheets. A
rigidly enforced chakof-custody program will ensure sample integrity and identification. The
chainof-custody procedure documents the handling of each sample from the time the sample is
collected to the anval of the sample at the laboratory.

All meters used in the field will be calibratpdor to deployment as specified Bections.5-
Calibration of Equipmenbuplicate measurement will be conducted a frequency of once per
day as specified iRigure4-3.

Preferably, the field duplicate will be taken at the first sample site each day to ensure precision
prior to use at all sitesThe field duplicate should be taken in either the epilimnion or
hypolimnion of the lake and not in the metalimnion. The high degree of spatial variability in the
metalimnion would make assessing the precisiomefisurements difficulas even slight

changes in depth could affect the temperature or dissolved oxygeringad

8.2 Laboratory Quality Control Procedures

As describedh Section7.2- Laboratory AnalysiBroceduresalllaboratory measurementsill

be completed by fully qualified subcontract laboratorig¢hat iscertified by the Washington
Department of Ecology Laboratory Accreditation Progeard dl analysis methods used for this
project arestandard analytical methods asownFigure7-1. As part of the Snohomish County
lab contracting processalbs are selected to ensure that the accreditation criteria as well as
adherence to the laboratory quality assurance procesagébned in this documenare satisfied.
Atthistime,{ ¥ 2 K2 Y A & Kab praviisfsihave acluddéEH (formerly 4uatic Researh
Inc)andAmTest Inc

The laboratory routinely performs QC procedures as part of sample anadysiglined in the
labs quality assurance plahhe types, frequency, and purpose of lab QC checks requirehi$
project are included ifrigure4-2.

8.3 Records and Documentation

All analytical methods will be completely documented and referenced. Any deviation or
modification from the written protocoWill be noted and explained. The laboratory log will
contain information that allows analytical results to be traced to specific samples and their
appropriate field logs. Equipment, reagents, and other materials used will be recorded by the
laboratory aralyst.

Records of calculation will be maintained by the analytical laboratory. The calculation records
will include the name and signature of the person performing the calculations. The sources of
all data and assumptions in the calculations will alsadted. Any corrections to the

calculation will be signed and dated with explanatory notes. Equipment and instrument logs will
also be maintained and will include serial numbers, manufacturer, model number, and date of
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production. All maintenance and ldgaation protocols will be documented and their service
checks will be recorded. Any deviations from written protocol will be recorded by the analyst.
Calibration of equipment and instruments will be conducted by comparison with standards from
the Natianal Bureau of Standards.

8.4 Corrective Actions

Results from quality control samples enable the assessment of quality assurance parameters to
meet data accuracy and precisiceguirements. If quality control issues are identified, the
Technical Lead will rewieall field and laboratory records to determine the cause. If field

sampling techniques are found to be the source of ertorrective actions may include

additional volunteeor staff trainingor revision of field procedure#f equipment failures are

limiting the usability of the data, calibration and maintenance procedures will be reviewed and
changed as neededf. laboratory QA/QC procedures do not meet the specified criténi,
fro2NI G2NB gAff GF1S 0O2NNDBOIG % Ghich ®ay hduge ré & 2 dzii £ Ay
analysis of samples and revision of analytical procedures. Computerized data plots may be used
as an additional tool for rapid identification of outliers following data entry. Any changes or
modifications to quality control proahires will be approved by the Project Manager prior to
inclusion in the QAMP.
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9 DATA MANAGEMENT

Snohomish County holds responsibility for overall data management and processing.

The following is a list of data information that will be kept by Snoho@isinty management or
the contract laboratory for review upon request:

Field equipment maintenance, cleaning and calibratiecords

Fielddata sheets

Photographs of sampling stations and events (whenever photographsleg)
Chainof-Custody forms

Labordory equipment maintenance, cleaning and calibration records
Laboratory bench sheets, control charts, and SOPs

Records of QA/QC problems and corrective actions (field and/or laboratory)
Laboratory data QC records

Records of data review sheets

Duplicate, peformance evaluation records and other QA/QC conteabrds (field and
laboratory)

Data review, verification and validation records

gegegeegeeeeee

€

9.1 Recording Field Data

All field measurements and observational data will be verified and any missing or incorrect data
will be corrected prior to leaving the sampling site. Snohomish County staff will also promptly
review field data sheets submitted by volunteers. The volunteer data will be examined for
errors, omissions, and general accuracy. All attempts will be maderector verify

erroneous datgoints before being accepteds appropriate, all questionable field data will be
discarded or identified as unverified.

Field data will be recorded on Rite in the Rain paper. Entries will be made in ink or pencil, and
will not be erased. Changes will be made by crossing out errors, initialing, and adding correct
information. Any procedural or equipment problems will be recorded as comments on the field
sheets. Any deviation fromtie monitoring procedures described Apperdix A¢ Snohomish
County Lake Monitoring Manuailill also be noted in the field sheets. Data results will include
information on field and/or laboratory QA/QC problems and corrective actions.

9.2 Laboratory Data Format

Water quality data reduction, review, and reporting will be performed undercitnatract

fro2NF 02NEQa adlyRFNR 2LISNFGAYy3a LINPOSRAZNBA @ ¢ K¢
that are supported by sufficient backup data and quality assurancetsasuénable reviewers

to determine conclusively the quality of the data. The QA/QC data must include information on

the parameters analyzed, the method used with their detection limits, and an analysis of

duplicates, spiked samples, QC check samplesbianés. If problems are detected in the data,

the data results should include a case narrative that describes corrective actions taken with

changes to any referenced method. The data report shall also include a description of any data

qualifiers. An exaple QA/QC data report provided by Aquatic Research, Inc. is presented in

Figure9-1. Data will be reported in thén the specified format for importt¢ y 2 K2 YA A K [/ 2 dzy ( & C
water quality database.
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9.3 Transfer of field data to local databasélectronic Data to Local Database

Upon approval of quality and completeness, the data are entered{iny 2 K2 YA a K /[ 2dzy (i & Qa
water gqualitydatabase for storage, retrievaind manipulation.Field data will be uploaded to

the database via an importer spreadsheet. The spreadsheet will either populated via download

from an electronic field form or hand entry. Prior to upload all data wiltliecked against

original field odab data forms for accuracy. The check will be completed by a staff member who

did not originally enter the data.

9.4 Transfer of laboratory data to local database

Upon approval of quality and completeness, thia will be uploaded int¢ y 2 K2 YA A K [/ 2dzy (& ¢
water quality database for storage, retrieval, and manipulation. Quality assurance flags along with
descriptionsof problemswill be included in the data upload. When required by grant projects,

data will be transferred to Ecology for upload to their Enviremmal Information Management

(EIM) system. The export will be provided in a spreadsheet consistent with the current EIM

standards.
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Figure9-1: Sample QA/QC report from Aquatic Research Inc.

Novembe 2018

SNO00381:SNO0RO2
-
AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715 FAX: (206) 632-2417
CASE FILE NUMBER: SNO003-81 PAGE 2
REPORT DATE: 03/20/08
DATE SAMPLED: 03/15,17/08 DATE RECEIVED: 03/17/08
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM SNOHOMISH COUNTY SWM
QA/QC DATA
QC PARAMETER TOTAL-P CHLOR a PHAEQ a NO3+N02 ALKALINITY
(mg/1) (ug/l) (ug/l) (mg/1) (mgCaCOo3/)
METHOD SM18 4500PF SM18 10200H SM18 10200H SMIB4S00NOIF SM23208
DATE PREPARED 03/19/08 03/17/08 03/17/08
DATE ANALYZED 03/20/08 03/18/08 03/18/08 03/17/08 03/19/08
DETECTION LIMIT 0.002 0.1 0.1 0.010 1.00
DUPLICATE
SAMPLE ID BATCH BATCH BATCH CRABAPPLE IM BATCH
ORIGINAL 0.039 17 33 0.425 406
DUPLICATE 0.039 17 35 0.430 404
RPD 0.07% 3.17% 6.35% 1.10% 0.49%
SPIKE SAMPLE
SAMPLE ID BATCH CRABAPFLE 1M
ORIGINAL 0.039 0.425
SPIKED SAMPLE 0.094 0.625
SPIKE ADDED 0.050 0.200
% RECOVERY 109.71% NA NA 100.28% NA
QC CHECK
FOUND 0.089 0.416 99.8
TRUE 0.090 0.408 100
% RECOVERY 98.56% NA NA 102.04% 99.80%
BLANK <0002 | NA | NA [ <0010 ] NA
RPD = RELATIVE PERCENT DIF
[NA = NOT APPLICABLE OR NOT A' LE.
NC = NOT CALCULABLE DUE TO O MORE VALUES BEING HELOW THE DETECTION LIMIT.
= COVERY NOT CALCU. ] SPIKE SAM ¢ ] Y RELATLL INCENTRATION,
SUBMITEED BY:
SNe Lﬂea///
Laboratory Diredtor
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10 AUDITS and REPORTS

The purpose of audits and reports is to ensure that the QAMP is implemented correctly, that the
data obtained are acceptable, and that any problems detected are addressed in a timely manner
(WSDOE, 2004).

10.1 Audits

Should the sampling staff, laboratory pens@| or Technical Lead find errors in sampling or
analysis, the Technical Lead will notify tamject Manageand the source responsible for the
error or deficiency and recommersiepsto correctthe deficiency. The responsible party will
then take actim to correct the problem and will report corrections to the Technical Lead and
Project Manager

TheTechnical Leadill review the QA/QC procedures used for the sampling and analytical
program. Procedures for this review, includeiectior8 - Quality Control Procedurgwill
meet the data quality criteria specified 8ectior3.2- Data Quality ObjectivesTheTechnical
Leadwill report these assessment recordsamualreports.

Snohomish County may conduct a technical systems or proficiency testing audit of the QAMP
following significant updates to the plan or identiftion of a potential problem. The audit will

be initiated by the program Technical Lead as identifidgignire3-1 and will use an external
reviewer for the audit.

10.2 Reports

Sampling results will be summarized in #mnual reportscompleted for this program. These
reports will include the field and labaiay results of project assessments listed above. Reports
will be submitted to theProject Manager Email updates will be submitted to tReoject
Managerafter each sampling event providing notification of any issues or problems for which
corrective adons have been taken. The results of all corrective actions or data quality
assessments will be reported to tfFoject Managetpon completion.

Reports on the performance of measurement systems will be conducted in conjunction with
larger scale data anmends analysis as needed. The specific nature of the QA reports will
depend on the parameters being analyzed, but will generally include the following information:

w Assessment of data accuracy and completeness

w Results of technical systems auglits

W Significant QA problems and corrective actions takemd

w Analysis of the ability dhe monitoring grogramto meet goals of the project
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11 DATA VERIFICATION AND ANALYSIS

Data verification and validation includes completeness of data entry into a datagearent

system, correctness of data entry, and assurance that entries fall within the expected range for
each analyte. These exercises prevent generation of poor results when analyzing data fer cause
and-effect relationships or for status of environmentakources. Missing or incorrect data can

bias description of environmental resources and result in false conclusions.

11.1 Data Verification Procedures

The following procedures will be used to determine if data meet the measurement and data
guality objectivesand criteria specified iBectior.2¢ Measurement Quality Objectivesield
andlab datawill be subjected to an intensive quality assurance review and validadtio
Snohomish County staffrield data will be verified in the field prior to leaving the site for data
collected by Snohomish County staff. Volunteellected field data will be verified upon receipt
from Snohomish CountyLab data verification will @tir once that data package is obtained
from the analytical laboratory

A thorough analysis of the following QC parameters will be conducted as follows:

w Held sample collection and preservation procedures to determine whether they were
completed inaccordance with the analytical methods.
w Chainof-custody documentation to ensure control and custody of the samples was
maintained.
w Sample holding times between sample collection, extraction, and analysis-{ger
6-1, Sectiorb - Sampling Procedurgs
Sampletemperatureupon receipt at the cotract laboratory.
Check that the analytical methods and methodelgion limits reported are in
accordancavith Figure7-1.
Check if lab QC were ran on specified field sample (if applicable)
Check alLaboratoryQC parametergdescribed irFigure4-1)
0 Laboratorymethodblank samplesre below method detection limits
Laboratory QC samples meamtceptance limits ifrigure4-2
Check all Fld QC parameters
o Field Blanks are below method detection limits
0 Field Duplicate RPDs mesmtceptance limits ifrigured4-3
Check if lab qualified and reported atrant lab QC results
Checkresults in comparison to the expected results for each parameter shéigime
7-2. If outside expected ranges, compare to field results, lab QC checks etc. to
determine usability.

ee ¢€k¢g € €
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11.2 Data Qualification

Qualifiers will be applied to QC samples when acceptance criteria ametand corrective

action is not performed or is unsuccesstulgurell-1). These same qualifiers will be applied to
the associated sample datéhe potential datajualifiers are listed ifrigurell-1 and were

selected to be consisiell ¢ A G K 9 O2 f 2 BiguHl-2 prdvide gRidelinésdok & S @
applying data qualifierbased on the quality contra@loncern. Samples may have more than one
qualifier applied. Professional judgment that takes into account the lab and field narratives, the
scqpe of issues, as well as the specific lake conditions will be used in making final qualifier
decisions. If data are determined to be-usable, they will bentered into the databasé&or
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reporting or trend analysis. The values will be flagged dRiEd as urusable and appropriate
notes will be entered explaining the nature of the potential erréist results in which the

analyte was reported as less than the detection limit, the results will be entered in the database
as equal to the detection limit and flagged accordingly.
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Figurell-1: Data Qualifiers

Quialifier

Description

The analyte was positively identified, the quantification is estimated.

U The analyte was analyzed for, but not detectddhe associated numerical value
at or below the method detection limit (MDL).

uJ The analyte wasralyzed for, but not detected and quantification is estimated

REJ The data are unusable due to deficiencies in the ability to analyze the sample

meet QC criteria.

The analyte was found in an associated blank, as well as in the sample.

Analysis was performed outside of the recommended holding time.

Figurel1-2: Application of Data Qualifiers for @ality Control Conditions

QC Category

Quality Control Conditior

Quality Control Description

Qualifier
Code
Applied

Target analyte was not detected at a level above the

Not Match the COC

does not match the COC; sample result is an estimai

NonDetect | Result is nordetect Method Detection Level (MD[9ample value will be U
entered as detection limit]
Sample analysis performed past the method specific H
_ Method Specific Hold hold time, data is usable
Hold Time . . —
Time Not Met Sample analysis performed past the method specific
. REJ
hold time; sample resuls unusable
Hold Temp | Hold Temperature Not | Sample exceeded method specific hold temperature 3
Met upon receipt of laboratory; sample result is an estime
Hold Temp | Hold Temperature Method specific hold temperature for sample is 3
Unknown unknown,sample result is an estimate
Sample was analyzed with a method that differs fromr
the dataset; methods are comparable and sample J
result is an estimate
COC Actions ngple Not Analyzed | |
with Method On COC [ 'sample was analyzed with a method that diffecsn
the dataset; methods are not comparable and samplir  REJ
result is unusable
COC Actions Sample Date/Time Does| Date and/or time information for sample collection
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Qualifier
QC Categoryl Quality Control Conditior Quiality Control Description Code
Applied
: LabDup RPD Outside Laboratory Duplicate RPD exceeds acceptance limit:
Lab Duplicate o . ) J
Acceptance Limits sample result is an estimate
Lab Matrix Matrl_x Spike Recovery Matrix Spike recovery is outside acceptance limits;
) Outside Acceptance . . J
Spike . sample result is aastimate
Limits
Lab Matrix . . . : . -
Spike Matrix Dup RPD Outside| Matrix Spike duplicate RPD exceeds acceptance limi 3
PIKE Acceptance Limits sample result is an estimate
Duplicate
Lab Standard Standard Reference . : ,
. ) Standard reference material recoveries are outside
Reference Material Outside S . REJ
) o acceptance limits; sample is unusable
Material Acceptance Limits
Target analyte was detected in the method blank; U
sample result is nodetect and data not impacted
Targetanalyte was detected in the method blank; dat B
impact unknown
Laboratory L :
Method Detection in method Target analyte was detected in the method blank anc
Blank blank the sample result is greater than or equal to 10x the J
blank result; sample result is an estimate
Target analyte was detected in tineethod blank and
the sample result is less than 10x the blank result; REJ
sample result is unusable
Target analyte was detected in the field blank and th
sample result is greater than or equal to 10x the blan J
Detection in the field result; sample result is an estimate
Field Blank : :
blank Target analyte was detected in the field blank and th
sample result is less than 10x the blank result; samp  REJ
result is unusable
Expected Value outside of Values are outside afxpected range, value plausible J
Ranges expected ranges Values outside expected range, data unusable REJ
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11.3 Data Validation Procedures

The procedures outlined iBectior3.2 ¢ Data Quality Objectivesill largely be used to

determine if data quality objectives have been met with regards to bias, precisiopesusdtivity

and to determine whether data will be usiab Additional statistical analysis, as highlighted in
Appendix E QA Project Plan AD for Lake Ketchum Algae Control Implementation Rybject

2 a3KAyYy3G2y {GF3S 5SLINIYSyld 2F 902t23&8Qa v! t
to assess whethesverall data quality objectives were m&ompleteness will also be judged by
comparison to the parameters and frequency laid out in the annual monitoring plan.

Sample representativeness will be assessed throughout the process by ensuring that sampling
procedures are applied in a consistent manner throughout the project. The usable data will also

be assessed to ensure that the final data set accounts for variability in lake depth and
aSlrazyrtaaeo ¢CKS FoAfAGE 2 Fards© Seprésentativenasg Y S S
may be dependent on the specific use of the data.

Data comparability will be ensured through the application of standard sampling procedures,
analytical methods, units of measurement and detection limits throughout the duratidineo
project. If any change is made to the aforementioned procedure, the Project Manager will
ensure that comparability is maintained.

11.3.1 Reconciliation with User Requirements

TheProject Managewill review all data deliverables upon receipt from the lalaboratory
results will be checked for data qualifiers entered by the lab to ensure that sample collection
and preservation procedures were adequate and that laboratory analysis procedures met
measurement qualitpbjectives Any outstanding issues wik addressed immediately with the
lab and/or sampling staff to ensure that projeneasurement qualitypbjectivesare met.

TheProject Manageand Technical Leadill review and validate the data during interim

reporting and final reporting stages of theggect. If there are any problems with quality

sampling and analysis, these issues will be addressed immediately and methods will be modified
to ensure that data quality objectives are being met. Modifications to monitoring will require
notification to the Project Manageand subsequent edits to the approved QAMP.
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12 DATA QUALITY (USABILITY) ASSESSMENT

Data Quality (Usability) Assessment is completed to determine if the validated data can be used
to meet the goals and objectives of the project and thusdadrthe right type, quality, and

guantity to support their intended use. This is the final assessment of the data and includes
determining if sufficient data were collected, whether the study questions can be answered, and
whether the necessary decisionan be made with the desired confidenégne of the decisions
stemming from sampling and analysis of surface water and water column profiles in each lake
during the Index Period is to directly measure condition status and trends in water quality over
time. Any changes in water quality will be further investigated with respect to changes in

human land use and activities that would expltia trends.

12.1 Data Quality Objectives Evaluation

To ensure that data are usable to meet the goals and objectives of keeNlanagement
Program, the following evaluations will be conductsth yeaby a technical lead

w Determine if data collected using the current sampling design produce adequate
descriptions for lake condition or statirscluding any identified anomalies

w Determine if current characterizations for each parameter are adequate for detecting
trends over time.

w Evaluate data, using the current sampling design, and generate trend analysis using
statistical applications (e.g., a minimum of 5 to 7 years of datmecessary to generate
a meaningful trend evaluation; seasonal Kendall trend testparametric application
for evaluating trends in data sets).

w Determine if status assessments can be related statistically to potential causaisfac
or next to a lakévasin through regression or ngrarametric modeling techniques.

12.2 Selecton/Application of Statistical Methods

Status of water quality conditions in lakes can be described using descriptive statistics (e.g.,
mean, median, standard deviation, and coefficiehvariation). The most useful of status
comparisons are made for each lake visited during the Index Period within a year. Appljcations
such aghe Boxand-Whisker plos, are useful for summarizing lake condition status from results
obtained over seval yearsWhen conducting analysis, natetects will be treated as equal to

the minimum detection limit.

Following collection of data from a lake over several years, analysis for trends in individual
parameters can be made using a Aearametric testsuchasthe seasonal Kendall I dz®
Normally, multiple observations acquired from each lake during each year are necessary to
reach an optimum quantity of data to meet minimum assumptions for use of this test. This
method for analysis is described in greatetall in WSDOE (2003)lots will be made showing
the summer annual averages with trend lines and, if significant, the associated p values. In
addition, plots by parameter of all lakes will be created that show-teng averages, with
minimum maximum bars

Depth profiles of lakes over space or time can be described adiwg dimensional plot over

the course of the season. AlternativelythreeRA YSY aA 2yt LX 20 Ay @2t Ay 3
means that a colecoded diagram that reports on individual phg@themical conditions at

depth and over time (or space) can reveal the patterns in a €geson (or slice) of the lake.
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This is especially useful when determining if stratification exists in a lake and how this influences
other chemical and physical atacteristics throughout the water column.

12.3 Interpretation & Reporting of Data

Shortterm data collection strictly enables the description for status of lake condition. If data
collection efforson an individual lake hee been less than a fivgear periodthen status
descriptions will be most appropriate. As the volume of data reaches a minimum for application
of a trend analysis for a parameter, then statistical evaluations for change of surface water
guality over time can be made.

Results from either fothese statistical analyses can be used for comparison with changing
landscape pattern and human activities that influence lake water quality conditions. Evaluation
for the convergence of specific human activities and status of lake water quality camnile

if correlates exist and if these relationships are consistent among several of the lake settings
sampled for this program. These kinds of correlatiogtsvieen human activity and water

guality conditions are the basis for making objective lake managnt decisions.

Results will be compiled in reports with descriptive text and graphs that will be accessible to

internal staff for decision making as well as external partners. Easier to understand versions will

also be created for the public. All datallveilso be publically available and downloadable from

GKS {y2K2YAaK /2dzyieQa 2ytAyS LERNIIt (2 AGa o1 4
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